Beneficial vs. detrimental actions of ethanol on heart and coronary vascular muscle: roles of Mg2+ and Ca2+.
Epidemiologic studies suggest that daily ingestion of small amounts of alcohol may protect the heart, whereas higher intake may be detrimental. We studied: 1) cardiac performance, bioenergetics, and [Mg2+]i of isolated working rat hearts during perfusion with Krebs-Henseleit medium containing different concentrations of ethanol (EtOH), 2) mechanical responses. Ca2+ metabolism and Mg content of isolated coronary arteries obtained from dogs, sheep, and piglets subjected to varying concentrations of EtOH and [Mg2+]o and 3) intracellular free Ca2+ of isolated rat cardiac myocytes. In intact hearts, EtOH produced a biphasic hemodynamic change, depending upon concentration; 15 mM EtOH (0.07 g/dl) and 45 mM EtOH (0.21 g/dl) were stimulatory: 90 (0.42 g/dl), 135 (0.63 g/dl), and 170 mM (0.79 g/dl) EtOH were depressive. EtOH 15 and 45 mM increased coronary flow up to 150%, cardiac output up to 130%, stroke volume up to 135%, and oxygen consumption (VO2) up to 130%. However, 90 mM and higher EtOH depressed most hemodynamic parameters (except for heart rate) dose dependently. Lactic acid, lactic acid dehydrogenase, and creatine phosphokinase levels in the perfusate tended to be elevated progressively with increasing duration of EtOH perfusion and pH tended to be reduced (p < 0.05). [31P]NMR spectroscopy on hearts revealed that EtOH > or = 90 mM resulted in rises in Pi/ATP concentration ratio with no significant change in PCr/ATP ratio; [Mg2+]i levels fell and cytosolic pH tended to become slightly acidotic [19F]NMR spectroscopy of isolated myocytes revealed that [Ca2+]i rises at high concentrations of EtOH. With respect to coronary vascular muscle (CVM), low concentrations of EtOH resulted in a concentration-dependent reduction in contractions induced by K+, angiotensin II, and 5-HT; concentration-effect curves were shifted rightward to higher concentrations. Low [Mg2+]o potentiated contractions of CVM induced by EtOH. Low EtOH also resulted in reductions in exchangeable and membrane-bound 45Ca in CVM; medium to high concentrations of EtOH reduced Mg content in CVM and increased 45Ca. In the absence of [Ca2+]o, caffeine and EtOH induced similar, transient contractions followed by relaxation in K(+)-depolarized coronary arterial tissues. EtOH-induced contractions were completely abolished by pretreatment of tissues with caffeine. These results on isolated coronary vessels suggest that in addition to a need for [Ca2+]o, an intracellular release of Ca2+ is needed for EtOH to induce contractions. Overall, the data indicate that low concentrations of EtOH (15, 45 mM) are beneficial on cardiac performance, at least in the intact rat heart and coronary arteries: higher concentrations of EtOH (90, 135 mM) are detrimental. High concentrations of EtOH decrease coronary flow, lead to loss of cellular Mg2+, hypoxia, metabolic acidosis of the myocardium, cell membrane damage, and Ca2+ overload, which could result in cardiac failure. Cellular loss of Mg2+ appears to be causative in the detrimental actions of EtOH on the heart.